The concentration of indoleacetic acid (IAA) in plant tissues is regulated, in part, by its rate of decarboxylation. However, the commonly used in vitro assays for IAA oxidase may not accurately reflect total in vivo decarboxylation rates. A method for measuring in vivo decarboxylation was utilized in which '4CO2 is collected following uptake of IAA is usually found in highest concentration in the juvenile parts of the plant, and at lower levels in regions removed from the growing points (10) and in the older leaves (4). In some cases, the senescence process may, in fact, be regulated by the changing levels of this hormone. This is perhaps best illustrated by the process of leaf abscission in Coleus (5). Based upon current evidence, it appears that under natural conditions a depletion of IAA in the older petioles is a prerequisite for abscission to occur, although some interaction with other hormones may be involved as well (5) It was first proposed by Galston and Dalberg (3) that IAA oxidase activity increases with the age of the tissue, and thereby reduces the IAA concentration. This concept was supported by several subsequent papers which showed higher rates of IAA oxidase (7), peroxidase (12), and decarboxylating (6) activities in older tissues of cotton, cherry, and tobacco, respectively. However, most of these findings were based on work done in vitro using tissue homogenates or partially purified enzymes, and caution must be used in attempting to extrapolate these results to the situation in the intact plant, where additional enzymes, cofactors, inhibitors, and nonenzymic processes may be involved.
IAA is usually found in highest concentration in the juvenile parts of the plant, and at lower levels in regions removed from the growing points (10) and in the older leaves (4) . In some cases, the senescence process may, in fact, be regulated by the changing levels of this hormone. This is perhaps best illustrated by the process of leaf abscission in Coleus (5) . Based upon current evidence, it appears that under natural conditions a depletion of IAA in the older petioles is a prerequisite for abscission to occur, although some interaction with other hormones may be involved as well (5) . This leads to the question of what causes the IAA level to decrease as the tissue ages.
It was first proposed by Galston and Dalberg (3) that IAA oxidase activity increases with the age of the tissue, and thereby reduces the IAA concentration. This concept was supported by several subsequent papers which showed higher rates of IAA oxidase (7) , peroxidase (12) , and decarboxylating (6) activities in older tissues of cotton, cherry, and tobacco, respectively. However, most of these findings were based on work done in vitro using tissue homogenates or partially purified enzymes, and caution must be used in attempting to extrapolate these results to the situation in the intact plant, where additional enzymes, cofactors, inhibitors, and nonenzymic processes may be involved.
In the experiments reported here, we have attempted to devise a method which will enable us to accurately measure total IAA decarboxylation rates in vivo. This paper describes the procedure using excised Coleus petiole sections, and presents data which indicate that in this system the IAA decarboxylating activity of the tissue decreases with age.
MATERIALS AND METHODS
Plants of the Princeton clone of Coleus blumei Benth. were grown in the greenhouse under natural day lengths that were supplemented by continuous light from incandescent bulbs. All plants in a given experiment were of identical age, as measured by the time since the cuttings were started. The petioles were numbered in a basipetal direction, with the No. 2 petioles defined as the youngest ones whose leaf blades were between 60 and 100 mm long.
In the decarboxylation experiments, 10-mm segments were cut from the center of the petioles being tested. The petiole segments were weighed and the cut ends dipped in collodion (Mallinckrodt Chemical Co., St. Louis) in order to minimize cut surface effects (13). For ease of handling, the segments within each group were then strung together into a loop using a needle and thread. The segments were then rinsed with sterile distilled H20 (surface sterilization had no effect) and placed in a 25-ml Erlenmeyer flask containing 5 After the completion of 14C02 collection, the petiole segments were cut in half longitudinally and placed in a vial containing 5 ml acetonitrile. After 72 h at 4°C, a 0. l-ml sample of the acetonitrile extract was taken for liquid scintillation counting. This extraction method was found to remove approximately 93% of the radioactivity from the tissue.
In the experiments in which petioles of different ages were used, the remainder of the acetonitrile extract was concentrated !1Uu trate was then applied to a Whatman LK6DF silica gel TLC plate, which was developed in isopropanol:ammonia:water (8:1:1). After the solvent front had reached a distance of approximately 10 cm, the plates were dried and 1-cm sections scraped into vials for liquid scintillation counting. [ The results shown in Figure 2 verify that both the uptake of labeled IAA and its subsequent decarboxylation are approximately linear with respect to the weight of petiole tissue present. Sections cut from No. 6 petioles were randomized, and three groups consisting of three, six, and twelve sections were selected and weighed. The sections were then treated with ['4C]IAA and decarboxylation measured as described in "Materials and Methods." Acetonitrile extracts were made, and 'total uptake' calculated as radioactivity extracted plus that collected as "CO2.
Tissue weights used in the other experiments reported here were typically in the 400 to 600 mg range.
For the aging experiments, three plants were selected and 1-cm sections cut from the centers of petioles No. 2 through 8.
Sections of similar age were threaded together, giving groups of six sections each. These were then incubated with [14C]IAA and taken for decarboxylation measurement and acetonitrile extraction as described above. The results were calculated both on the basis of 14C02 evolved per mg tissue and per cent of uptake which was decarboxylated ("CO2 evolved divided by total uptake). These decarboxylation rates, as a function of petiole age, are shown in Figures 3 and 4 , respectively. The amount of 14C02 given off per mg fresh weight of petiole tissue decreased with the age of the tissue, reaching a level in the No. 8 petioles of roughly one-half that found in the youngest ones (Fig. 3) . A similar pattern is observed when the data are expressed in terms of per cent decarboxylation (Fig. 4) , with the rate falling from about 16% in the youngest petioles to 6% in the oldest. There was some variation in the amount of radioactivity taken up by the tissue from one group of petioles to the next and also between experiments. However, we observed no consistent pattern of uptake as a function of age, while the changes in decarboxylation rates and their values were quite reproducible.
These findings do not agree with the results of previous research, which showed that extractable IAA oxidase activity (7) and in vivo decarboxylation (6) both increase with the age of the tissue. Age-dependent increases in IAA oxidase activity (assayed by 02 uptake) have been reported in extracts from the leaves, stems, and floral parts of cotton, as well as from the leaves of peach, rhubarb, and pea (7) . This was inversely correlated with the concentration of IAA oxidase inhibitors, which was greatest in extracts made from younger tissue. However, the activity of an enzyme in a tissue homogenate may not reflect accurately its behavior in the intact plant. The method used in the experiments reported here should give a truer indication of the total in vivo decarboxylating activity of the tissue in the presence of naturally occurring levels of endogenous cofactors and inhibitors. In addition to IAA oxidase itself, this method would detect the in- followed by '4CO2 collection and acetonitrile extraction. Per cent decarboxylated is calculated as the amount of radioactivity collected as`CO2 divided by total uptake (extracted plus collected). Although there may be a variety of reasons for the lower decarboxylating activity which we found in the older petioles, two possibilities are evident. One is that the effect is simply due to a generally lower level of metabolic activity in the older tissue.
The second is that in the older tissue the increased degree of conjugation with aspartic acid, and perhaps other compounds as well, leaves less free IAA which is susceptible to decarboxylation (2). However, the protective effect of conjugation cannot, by itself, account for the lower decarboxylation rates observed in older tissue. In going from petiole number two to number eight, free ["4C]IAA decreased by only about one-sixth (Table I) , while decarboxylation declined by more than half (Fig. 4) .
These results indicate that the pre-abscission decrease in IAA in the Coleus petiole (4) is not dependent upon increased decarboxylating activity. The potential ability of the decarboxylating, or oxidizing, process to regulate IAA levels in vivo is, however, shown by the work of Morgan and others, who were able to manipulate IAA oxidase activity in cotton by varying the manganese nutrition of the plants (8) and by treating them with different phenols which function as cofactors or inhibitors of the enzyme (9) . They found that the treatments which increased IAA oxidase activity inhibited growth and increased the rate of leaf abscission, and attributed this to decreased endogenous IAA. This suggests that IAA oxidase can, under the right conditions, at least partially regulate the level of the hormone in vivo. However, it is by no means necessary to postulate an increase in decarboxylating or IAA oxidase activity in order for this mechanism to have a role in bringing about decreased LA concentrations in older tissue. As long as the decarboxylating activity is there it will contribute to the depletion of IAA, and a low level of activity over a long period of time could break down as much IAA as higher activity which is expressed for a shorter duration.
The overall status of this hormone in a specific tissue depends not on any one factor, but upon the balance among decarboxylation, conjugation, synthesisk, and transport. It may be that the relative importance ofthese processes is not the same in different tissues or different species, and that increased IAA decarboxylating activity with age is not as general a phenomenon as has been assumed.
